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A RECORDING METHOD 
FIELD OF THE IKVEOTIOK AMD KELATEO ART 

The present Invention relates to a recording 
method and a recording device, more particularly to a 
5 recording method a»d a recording device wherein 
recording is effected by ejecting ink for image 
recording and processing llcjuid. 

In the ink jet recording field, it ie 
generally preferable that ink is quickly fixed on a 
10 recording material. Here, this fixing is nor t:he 
fixing by penetration of the liquid < 

JapaneeiB Laid-open Patent Application No. 
SHO- 58-128862 discloses that oily processing liquid 
is applied to the image region formed by the dye ink 
15 before or after the ink application, by which the 

coloring material is fixed on the recording material 
to improve the water- resistance. 

Japanese Patent Application No- HEX- 8- 
204618 and Japanese Laid-open Patent Application No. 
20 HEX- 10-44394 assigned to the assignee of this 

application disclose that cationlc processing liquid 
t» applied on the topping typit or non-penetrative type 
ink (the ink having leas penetration property) 
deposited on the surface o£ the recording material to 
25 cause instantaneous reaction to produce a reaction 
products thereof on the surface of the ink- 

When the ink is ejected following "the 



procacsing liquid, the water* resistance and the 
bleeding prevention between different colors can be 
improved, but: eince the coloring tnaterial in the ink 
is insolubilised on the surface of the recording 
paper t e blocking layer is formed on the surface of 
the recording paper by the insolubilized coloring 
material, and therefore, the penetration of the ink 
into the recording paper is suppressed. 

As a result, the insolubilized coloring 
material tends to remain on the surface of the 
recording paper, and therefore, the wear resistance, 
the resistance against the overwriting when a line 
marker or a writing device Is used to write on the 
recorded image (overwriting resistance) are not good. 
In other words, when the recording paper having the 
recorded image is rubbed, the coloring material on the 
surface is removed resulting in the deterioration of 
tne image quality, or sprea<l occurs upon overwriting. 

SUMWIRY OF THE INVENTION 

Accordingly, it is a principal obaect of the 
present invention to provide a recording method and 
apparatus wherein water^resistance of Bk ink Is 
improved, the spread between tha Bk ink and the color 
ink is reduced, and the image quality of the Bk ink is 
improved; and in addition, the water- resistance, the 
wear resistance and the overwriting resistance 
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lmmedxat:ely af-t^r the printing, axe improved. 

In the present invention, the processing 
liquid capable of reacting with and fixing a coloring 
material of ink is supplied to the ink which has been 
5 penetrated to the fibers of the recording material and 
vhich has started to swell ("swelled ink" which is the 
Ink after the swell start time Ts has elapsed or the 
ink chamged by heater or like). The property of the 
processing liquid or the heating after the processing 
10 liquid application or the like, is usable « 
AS the first step: 

(1) It is preferable to apply an ultra- 
penetrative (Ka^5} processing liquid to an ink having 
Ka:g3 m m"^ •msec"^/^ . 

15 (2) it is preferable that when ink has Ka<l 

and has a penetration property which exhibits 
temperature dependence^ heat is applied by a heater 
after izik application to the recording material and 
then penetrative processing liquid which is eemi*- 

20 penetrative or more penetrative is applied « 

(35 it is preferable that when the ink is 
semi-penetrative or more penetrative (Ka>l)^ the heat 
is applied by a heater after ink application to the 
recording material^ and thereafter^ semi -penetrative 

25 or more penetrative processing liquid is applied. 

Further preferably, as a second step, heat is applied 
by a heater after the first step. The processing 
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liquid in ±h±s case may by a scml -penetration 
property - 

This is effective to proj&ote the penetration 
of the processing liquid by the heater and to improve 
5 the fixing property by the evaporation promotion. 

It may be an ultra-penetrative processing 
liquid, and in such a case, the fixing property is 
further isq^roved by the evaporation promotion, and the 
coating reinforcement is accomplished. By the second 
10 step, further advantages are provided. 

According to an aspect of the present 
Invention, there is provided a recording method 
comprising: 

a step of ejecting onto a recording material 
15 ink having a Ka value of not more than 3 (ml .m~^ »msec~ 

applying to the ink deposited on the 
recording material processing liquid iiavlng a Ka value 
of not less than 5 (ml ,m"^.msec"^/^) to insolubili2ed 
20 a coloring material in the ink inside the recording 
material; 

wherein the processing 3.1quid is applied to 
the ink after rapid swell start point ts after 
penetration of the ink into the medium passes after 
2S the ink is deposited on the recording material. 

According to another aspect of the present 
Invention, there is provided a recording method 
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coiRprlslng: 

edecting onto a recording material ink having 
a Ka value not less than 1 (ml^m*^ .maac"^-^^) ; then 

applying heat to the ink; and applying to 
5 the ink processing liquid having a Ka value not less 
than 1 (ml .m'^.msec'^^^) . 

According to a further aspect of the present 
invention/ there is provided a recording method 
comprising: 

10 ejecting to a recording material ink having a 

Ka value not more than 1 (ml .m""^ .msec''^/^ ) and having 

a penetration property which increases with heat; then 

applying heat to the ink; and applying to the 

ink processing liquid having a Ka value not leds than 
15 1 {ml,m*2.msGc"^^2j^ 

According to a further aspect of the present 
invention, there is provided a recording method 
comprising: 

depositing ink containing a coloring material 
20 having a polarity onto a recording material; then 

applying to the ink processing liquid having 
a polarity opposite from that of said coloring 
material after rapid swell start point ts after 
penetration of the ink into the recording material, so 
25 that coloring material in the ink is insoluhllized by 
the processing liquid at least inside the recording 
material . 
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TbttSQ and other objects, features aad 
advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodijoents of the 
5 present invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view of a full-lin^ type 
10 recording device according to a first embodiment of 
the present Invention. 

Figure 2 Is a block diagram of a control 
circuit for the full-line type recording device of the 
f i rs t estfaodlment . 
15 Figure 3 is an illustration of a recording 

process/ and Ink. and dot on and in the recording sheet 
in the first embodiment. 

Figure 4 is an illustration of a recording 
process, and ink and dot on and in the recording sheet 
20 in the first embodiment. 

Figure 5 is a schematic perspective view of a 
serial type recording device according to a second 
embodiment of the present invention. 

Figure 6 is a block diagraxxl of a control 
25 circuit of a serial type recording device according to 
the second embodiment* 

Figure 7 is a schematic top plan view of a 
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major parr of an apparatus to Illustrate a recording 
process in the recording device of serial type 
according to second embodiment. 

Figure 8 is a side view of a full-line type 
5 recording device according to a third embodiment of 
the present invention « 

Figure 9 is an illustration of a process in a 
recording device of full -line type according to tbe 
third embodiment. 
10 Figure 10 is a side view of a recording 

device of a full-line type according to a modification 
of the third embodiment. 

Figure 11 is an illustration of a recording 
process in a recording device of a full- line type 
15 according to a modification of the third embodiment* 

Figure 12 is a schematic top plan view of a 
major part of a recording device of a serial type 
according to a fourth embodiment- 

Figure 13 is a schematic top plan view of a 
20 mailor part of a recording device of a serial type 

according to a modiricatlon of the fourth embodiment. 

Figure 14 is a schematic top plan view of a 
major part of a recording device of a serial type 
according to a fourth embodiment. 
25 Figure 15 Is an Illustration of a difference 

in the penetration itate of the ink into the recording 
paper, depending on use or non-use of the heater. 
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Figure 16 shows a proportional coefficient Ka 
relative to the content of acetylenol in ink, 
empirically obtained. 

Figure 17 is a characteristic graph showing a 
5 relation between the elapsed tixoe and the penetration 
amounr of trhe ink* 

Figure 18 shows Image states of prints 
illustrating the difference depending on the 
difference in the acetylencl content when pigment ink 
10 Is used. 

Figure 19 is a characteristic graph showing a 
relation with the surface tension when content of the 
acetylencl in water is adjusted* 

Figure 20 Illustrates a mechanism wherein 
15 processing liquid is ejected to a deposited ink with 
the state wherein the ink is penetrated in the 
direction of the depth (thickness) to within a 
predetermined range in the recording mat&riai^ so that 
coloring material of the ink reacts in the paper to 
20 insolubllized the ink. 

Figure 21 illustrates a penetration speed of 

ink- 

Ftgure 22 shows a relation between acetylenol 
content in ink and tw^ ts. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First, the present invention will be 
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In the present Invention, the processing 
liquid capable of reacring with and fixing & Golorlng 
material of ink is supplied to the ink which has been 
5 penetrated to the fibers of the recording material and 
which has started to swell ("swelled ink" which is the 
ink after the swell start time Ts has elapsed or the 
ink changed by heater or like). The property of the 
processing liquid or the heating after the processing 
lIIO liquid application or tlie like, is usable. 

As the first: strep; 

(1) it is preferable to apply an ultra- 
penetrative (Kak5 ) processing liquid to an ink having 
Ka<3 m m"^ .msec*^/^ - 
015 (2) it is preferable tbat when ink has Ka<l 

and has a penetration property which exhibits 
temperature dependence, heat is applied by a heater 
after Ink application to the recording material, and 
then penetrative processing liquid which is semi- 
20 penetrative or more penetrative is applied. 

(3) it is preferable that when the ink is 
semi -penetrative or more penetrative (Ka>l), the heat 
is applied by a heater after ink application to the 
recording material, and thereafter, semi -penetrative 
25 or more penetrative procBssing liquid is applied. 

Further preferably, as a second step, heat is applied 
by a heater after the first step. The processing 
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liquid in this case may by a somi-penetratrlon 
property - 

This is effective to promote the penetration 
of the processing liquid by the heater and to Improve 
the fixing property by the evaporation promotion. 

It; may be an ultra-penetrative processing 
liquid, and in such a caser the fixing property is 
further invroved by the evaporation promotianr and the 
coating reinforcement is accosKplished. By the second 
step, further advantages are provided. 

The ink deposited on the recording material 
penetrates In the direction of the depth. When the 
penetration is within a predetermined range, -hhe 
processing liquid is ejected to the ink to react with 
and insolublllzed the Ink, thus providing an image 
having high wearing property and high image quality. 
This will be described in conjunction with Figure 20, 

In Figure 20, (a), the ink droplet is 
travailing toward the paper. in Figure 20, (b), the 
ink droplet reaches the paper. At this time, the ink 
collapses into a column having a diameter which Is 
approx . 2tiraes of the ink droplet diameter . Figure 
20, Cc) shows a state in which the ink is attracted in 
the fibers at the surface portion of the paper ^ and it 
swells. In Figure 20, (d) , the ink penetrates into 
the paper, and the processing liquid S is travailing 
toward the deposited ink. In Figure 20, (e), the 
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processlng liquid ie deposited on the ink and on -the 
surface of the paper at the portion where the ink has 
been penetrated^ and the processing liquid reacts with 
the ink* Figure 20, (f) shows a state wherein the 
5 processing liquid catches up with the penetrated ink. 
AS a result, the coloring material in the ink is 
insolubillzed by the processing liquid inside the 
paper « so that ink how not easily penetrates In the 
direction of the depth of the paper- In Figure 20, 
10 eg)/ the coloring material in the ink is insolubilised 
by the processing liquid^ and the penetration stops. 
In this manner, not so much ink remains on the surface 
of the paper, but a large amount of the coloring 
material in the ink is insolubilized and trapped 
L5 within 20pm adjacent the surface of the paper. 

On the other hand, when the processing liquid 
is not ejected, as shown in (e') (f*) (g'), the 
coloring material is not trapped adjacent the surface 
of the paper « the OD value is not so high. On the 
20 other hand, if the processing liquid is ejected when 
the ink penetration is quite completed, the OD value 
Is not so high as shown in (e''), (f'), (g'*)/ since 
not so much coloring material remains on the surface. 

The composition of the Ixik, the penetration 
25 property and the penetration speed will be described. 
The following is an example of the ink used in this 
embodiment ; 
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(yallow (YJ ink) 

C, I- Direct yellow 86«3parfcs 

Glyceline aSparts 

Diethylene glycol=5parts 

Acatylenol EH (available from Kawaken 
chemical Kabu£hlki Kalsba, Japan) ?1 parts 

Waters rest 

(magenta (M) ink] 

C. I. Acid red 289«3parts 

Glycfellne ^Spares 

Diethylene glycol=5parts 

Acetylenol EH (available from Kawaken 
chemical Kabushikl Kaisha^ Japan) si parts 

Waters rest 

(cyan (C) Ink) 

C. I. Direct blue I99»3parts 
Glyceline -Sparts 
Diethylene glycol=5parts 
Acetylene! EH (available from Kawaken 
chemica}. Kabushiki Kaisha, Japan) -1 parts 
Waters rest 
(black (Bk) ink) 
C« I. Direct blacke3part:s 
Glyceline =5partB 
Diethylene glycolsSparts 
Urea«5part5 

Acetylenol EH (available from Kawaken 
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chemical Katoushiki Kaisha, Japan) = (will hm wcplalnad 
hereinafter) 

Waters rest 

Therefore r each ink comprises dye or pigment ^ 

5 water i glyceliue as a solvent, dlethylene glycol, urea 
and acetylenol EH which is a nonianic surf actant{ which 
is a tradenaxoe of Kawaken Fine Chemical Kabushiki 
Kalsha, Japan, and is acetylene glycol added with 
ethyleneoacide, ezpreissed by ethyleneoxide-2, 4, 7, 9- 

10 tetrdin«thyl-5-decyne-4, 7-diol. For the sake of 

simplicity, it is called acetylenol or acetyl end BH. 
The ink used in this embodiment is a mixture of these 
materials. As regards the color ink(CMY), 1% of 
acetyl enol EH is added to Improve the penetration 

15 property. As regards Bk ink the content of the 

acetylenol EH is varied in the following experiments. 

When the penetration property of the ink is 
expressed by ink amount V per Im^, the ink penetration 
amount V (ml/ro^»mn) at the time t from the ejection of 

20 the ink droplet is expressed by a known Bristow 
equation t as follows: 
v=Vr+KaCt-tw) 
where Lt>tw 

Immediately after the ink droplet drops on 
25 the surface of the recording paper, most of the ink 
droplet Is absorbed by the unsmooth portion^ rough 
surface portion of the surface of the recording paper) 
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of the surface, and hardly any ink penetrates to 
inside the recording paper* The time up to this 
point is tw (wet time), and the absorption amount into 
the unsmooth portion up to this point Is Vr. When 
the elapsed time from the deposition of the ink 
droplet exceeds tw^ the penetration amount V increases 
by the amount proportional to (t-tw)^/^^ 
Fundamentally, Ka is a proportional coefficient for 
the increased amount, and corresponds to the 
penetration speed. 

Figure 17 is a characteristic graph of 
penetration amount of the ink vs. elapsed time, and 
are plots of experimental results when the recording 
paper has a weight of 64g/m^, a thickness of approx. 
SOpm and a porosity approx. 50%. 

In Figure 17, (a), the abscissa represents 
elapsed time t ((meec^^^). and in Figure 17, (b) , 

the abscissa Is the elapsed time t(msec)* In both of 
the figures, the ordinate represents penetration 
amount V(pm) , and the plots when the acetylenol 
content: is 0%, 0.35%«, 1%, respectively are given. 

As will be understood from these Figures, the 
penetration amoiint of the ink relative to the elapsed 
time increases (penetration property Is higher) with 
Increase of the content of the acetylenol. From 
Figure 17, it is understood that wet time tw decreases 
with increase of the content of the acetylenol, and in 
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the" time period not re«icliing tw, the penetration 
property is higher if the content is larger. 

In the case of the ink not containing 
acetyl enQl(0% of the content), the penetration 

5 property is low, and is a topping -type ink wJiich win 
be doficribed hereinafter. When the content of the 
acetylenol is 1%, the ink penetrates the recording 
paper 103 quickly, and the ink is a high-penetration 
ink which will be described hereinafter • When the 

10 content of the acetylenol is 0.35%, the ink is a semi- 
penetrative ink. 

Referring to Figures 21 and 22, this will be 

described « 

When relatively low penetration property ink 
15 is used, during the time until tw at which the 
wettability of the surface of the sized paper is 
raised, the ink is attracted by the inks of the paper, 
and the swell occurs, and then the penetration starts 
due to the capillary action between the fibers. 
20 In the case of so-called plain paper used 

with office equipment such as a copying machine, the 
paper contains sizing material to prevent spread, and 
therefore, the penetration doee not start quickly, 
which means there is a so-called wet time tw. 
25 Even after the start of the penetration, the 

wettability of the ink relative to the paper does not 
rise due to the sizing material, and when the used ink 
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is a so-called topping typ« Ink, it relatively slowly 
penetrates, and then the ink swells into Hhe fibers 
per se from a certain point of time* The time is 
approx, 400-500raBec in the case of topping type ink. 

The point of time is ts* 

When a surfactant such as acetylenol is 
contained in the ink, the wettability of the ink 
relative to the paper is Increased, the time becomes 
shorter^ and the swell (into the attraction of the ink 
to the fibers) speed is increased. Then, the 
penetration speed is also high, and the ink qruickly 
swells into the fibers of the paper. With the 
increase of the amount of the acetylenol, tw and ts 
become shorter, and it is substantially Q when the 
content is 1%- Here, tw and ts becomes closer with 
increase of the amount of the acetylenol, in the range 
of the 0-2-0-3% or higher cont<snt of the acetylenol. 
Figure 22 ahcTwe such a relation as the amount of the 
acetylenol vs. tw and ts. 

The penetration speed Ka is an inclination of 
i:he liquid absorption after ts. 

After the point of time ts, the abrupt swell 
starts, and therefore, the ink on the surface of the 
paper enters the inside of the paper rapidly, and 
therefore, the ink fixing progresses. 

When the processing liquid is overlaid on the 
ink ts after the shot of the ink droplet on the paper. 
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reaction therebetween occurs at the position of 
contact^ while quite a larger part of the ink 
including the edge portion penetrates inside the paper 
but a part may remain on the surface; and the reaction 
5 advances gradually into the ink inside the paper. 

When the content of the acetylenoX in the 
processing liquid is about 1%, the penetration starts 
immediately after the deposition since then tw is 

substantially xero- 
10 Since the penetration speed thereof is higher 

than that of the ink, and the processing liquid 
penetrates the ink with reaction therewith, so that 
penetration of the ink is stopped at a position 
shallower adjacent the surface of the papdr than when 
15 the processing liquid is not deposited. 

By doing so, much of the coloring material 
can be retained at a part close the surface of the 
paper, thus the density is high- Even if a part of 
the ink remains on the surface of the paper 
20 ImmedietGly before the processing liquid is deposited 
on the ink, the ink does not remains on the surface of 
the paper at the edge portion of the ink dot, and 
therefore, so-called feathering which is a bleeding in 
the form of whiskers does not occur. 
25 Even if a part of the ink remains on the 

surface, most of such ink penetrates since the 
penetration property of the processing liquid is high- 
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Tli«refor&, the amount of tjie coloring 
material at the surface of the paper is very small, 
the wearing property is good- 

If the content of the acetylenol is increased 

5 to more than 0-3% to raise the penetration property of 
the ink, the feathering occurs abruptly after ts, 
depending on the material of the weight, and 
therefore, the content (weight%) is preferably not 
more thanO > 3% ■ 

Lo When it is more than 0.3%, the penetration 

speed is so high that coloring material is not easily 
retained adjacent the surface of the paper even if the 
penetration speed of the processing liquid is 
increased, and therefore, it is preferably not more 

15 1;han0,3%- 

Figure 16 shows a proportional coefficient Ka 
relative to the content of acohylencl in ixik, 
empirically obtained. 

The value Ka is measured using dynamic 
20 penetration property test apparatus S (available from 
Toyo Seiki Seisakusho, Japan) through Bristow metiiod. 
in the experiments, PB sheets available from Canon 
Kabufihiki Kaisha, Japan were used as recording paper. 
The PB sheet is uaabla with a copying machine or LBP 
25 of electrophotographic type and also with a printer of 
irxk jet recording type. 

The same results were obtained when PPC sheet 
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wlxxdi Is an electrophotographic sh«et available from 
Canon Kabushlki Kalsha, Japan » 

From Figure 16, It Is understood that the Xa 
value (ordinate) increases with the Increase o:^ the 

5 acetylenol content ( abeciesa) « and the proportional 
coefficient Ka is determined in terms of content of 
the acetylenol « Therefore, the penetration speed of 
the ink is determined in effect by the content of the 
acetylenol. The lines parallel with the ordinate 
10 across the curves indicate the range of variation of 
the results of xoeesurenients • 

Table 1 shows typical examples of the 
respective contents of the topping type ink, the seitii- 
penetrative ink and high-penetrative ink in the 

IS description of the present invention. 





Table 


I 


(ial*m' 


Ka value 
^•msec*'-^^-^) 


acetylenol surface 
content tension 
(%) (dyne/cm) 


topping type 
ink 


- 1.0 


0.0 - 0.2 40 - 


semi -penet rat i ve 

ink 


1.0 - 5-0 


0.2 - 0.7 35 - 40 


nigh-penetrative 
ink 


5.0 - 


0.7 - - 35 



25 In this table/ Ka value, acetylenol 

content (%) and surface tension (dyne/ cm) are given for 
topping type ink, serai -penetrative ink and high- 
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penetrative ink. The penetration property of each 
ink relative to the recording paper is liiglier if 
value is larger. In other irardfi^ it Increases with 
decrease of the sizrface tension. 

The Ka values in Table 1 are determined by 
measurement using a dynamic penetration property test 
apparatus available from Toyo Seiki Seisakueho. 
Japan ♦ In the measurements, the recording paper was 
the above-described PB sheet available from Canon 
Kabushiki Kaisha, Japan, The similar results were 
obtained for PPC sheet available from Canon Kabushiki 
Xaisha, Japan. 

The semi -penetrative ink contains 0,2-0 ,7% of 

acetylenol« 

As a condition when a surfactant is added to 
liquid, a critical micelle concentration (CMC) of a 
surfactant in the liquid is known. The critical 
micelle concentration is a concentration at which 
several tuns molecules rapidly form by association 
micelle when the concentration of the surfactant in 
the liquid is increased. The acetylenol is one of 
surfactants, and therefore « it exhibits the critical 
micelle concentration for the respective liquids. 

Figure 19 is a characteristic graph sbowing a 
relation with the surface tension when content of the 
acetylenol in water is adjusted. When the cell is 
formed, the surface tension does not decrease, and 



-21 



therefore, it is understood frr?ai tliis Figure that 
critical micelle concentration (CMC) of the acetylenol 
relative to the water is approx.0.7%- 

When the critical micelle concentration and 
5 Table 1 are compared « it is understood that semi- 

penetrative ink which is used in the embodiment of the 
present invention which will be described hereinafter 
and which is defined in TabXe I, contains the 
acetylenol at a ratio which is smaller than the 
10 critical micelle concentration fCMC) of the acetylenol 
relative to the water. 

The description will be made as to the case 
of the processing liquid being ejected after the 
recording of the ink« 
15 Particularly, the Bk ink is deposited^ and 

then the processing liquid is printed, and thereafter, 
cyan (C), magenta (M) and yellow (Y) color inks are 
printed. 

It is known that since the Bk ink is mainly 
20 used for characters and line images, and therefore, 
use of the ink having a low penetration property 
relative to the recording paper is effective as the Bk 
ink* Using this, the processing liquid was ejected 
after the recording was effected with the Bk ink. 
25 Then, the black coloring material was insolubilised on 
the surface of the recording paper, and the 
Insolubilized coloring material remained on the 
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surface of the recording paper, with the result that 
wear resistence or the overwriting resistance were not 
good. 

TUB relation between the ejection time 
difference and the wear resistance is such that wear 
resistance improves with the increase of the ejection 
time difference. Particularly, when the black ink is 
a topping or non-penetrative ink, and the processing 
liquid is penetrative ink, the production of the 
feathering is very small when the ejection time 
difference from the ejection of the Bk ink to the 
ejection of the processing liquid is not less than 
approz. Isec. 

When the penetrative processing IK^uid is 
ejected vrtiile the ejected topping type Bk ink is not 
penetrated into the thickness of the recording paper, 
the reacted liquid is normally produced by the mixture 
of the ink and the processing liquid i and since the 
penetration property of the reaction liquid is higher 
than the penetration property of the Bk ink with the 
result of higher probability of feathering* However, 
by making the ejection time difference long (such as 
approx* Isee or longer) between the ejection of the Bk 
ink and the ejection of the processing liquid, the 
processing liquid is ejected when the penetration of 
the Bk ink into the recording paper is substantially 
completed, and therefore, the reacted liquid is much 
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lees produced. Thusr t±Le coloring material is 
insolutilized by the processing liquid without 
feathering of the topping type Bk ink. 

By using a heater to heat the ejected Bk ink, 
the time required for the completion of the 
penetration of the Bk xnJc into the recording paper can 
he reduced by the temperature rise. By doing so^ the 
ejection time difference between the ejection of the 
Bk ink to the ejection of the processing liquid can be 
shortened . 

The composition of the Bk ink is preferably 
such that 5% to 20% approx. of the diethylene glycol 
CDEG) for example is contained to the increaee the 
penetration property by the rise of the temperature by 
the heater. 

When the use is made with the Bk ink having a 
high penetration property, the image quality can be 
improved by shorting the eject? on time difference 
between the ejection of the ink to the ejection of the 
processing liquid. The reason is that production of 
the feathering can be suppressed by the processing 
liquid ejected before the occurrence of the feathering 
of the Bk ink penetrating into the recording paper, 
and before the BK liik reaches deep into the recording 
paper ^ the processing liquid reacts with the xnk, by 
which the Bk ink is insolubilized in the range close 
to the surface of the recording paper, and the OD 



-24- 



valud Is high. 

However # the advantage in the image quality 
relating to the feathering and the OD value is 
provided at the cost of the wear resistance. 

Therefore^ there is a range where both of the 
image quality and the wear resistance are 
satisfactory. 

By applying heat by a heater to the ejected 
Bk ink, the penetration of the Bk ink can be kept from 
reaching the deep position, and the feathering can be 
suppressed, and therefore, the time range can be 
expanded, and the satisfactory results can be obtained 
for the various nature, 

(Embodiments) 
(first embodiment) 

Figure l is a side view of a full-line type 
recording device according to a first embodiment of 
the present invention. The recording device 1 Is of 
an ink jet recording type wherein the ink is ejected 
from a plurality of ink jet recording heads of a full- 
line type arranged along a feeding direction of the 
recording paperCarrow A), and is controlled by a 
control circuit shown in Figure 2 which will be 
described hereinafter. 

Each of the recording heads lOlBk, lOlS, 
lOlC, lOlM, lOlY in the recording head group lOlg is 
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capable of effecting recording over a predetermined 
region in tue width direction of the recording paper 
which Is perpendicular to the vertical direction of 
the Figure and A direction, preferably over the entire 
5 width of the recording paper. Each recording head is 
provided with nozzles arranged substantially in the 
same direction as the width direction. 

The recording paper 103 is fed In the 
direction A by rotation of a pair of registration 
10 rollers 114 driven by a feeding motor, and is fed by a 
pair of guiding plates llS so that it is fed to 
conveyer belt 111 with the leading edge thereof 
aligned with inJc ejection* The conveyer belt 111 is 
in the foxnn of an e nd less belt^ and is supported by 
15 two rollers 112. 113, and the vertical position 
thereof is limited by the platen 104 at the upper 
side. The recording paper 103 Ifi fed by rotation of 
at least one of the rollers 112, 113. The roller is 
rotated by a driving source such as an unshown motor, 
20 in the direction for feeding the recording paper 103 
in the direction indicated by the arrow A. The 
recording paper 103 is carried on the conveyer belt 
111 and is subjected to the recording operation by the 
group of the recording paper heads lOlg and is then 
25 discharged onto the stocker 116 « 

In the recording head group 10 Ig, the 
recording head lOlBk for the black ink, the processing 
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liquld bead 10 IS for ed acting the proces&lag liijuid, 
color ink recording head(cyan head lOlC, magenta head 
lOlM, yellow head lOlY)/ are arranged as shown in the 
Figure along the feeding direction A of the recording 
paper 103. By ejecting the Inks and the processing 
liquid by the recording heads, multi-color recording 
16 effected. 

The compoeition of the processing liquid is 

as follows: 

(processing liquid) 
Glyceline »7 parts 
methylene glycol=5parts 
Acetylenol EH= (will be described) 
(available from Kawaken chemical Kabushiki 

Kaisha. Japan) 

Polyallylainine=4partG 

Benzalkonium chloridesO.Sparts 

Tri ethylene glycol monobutylether=3parts 

water » rest 

The content of the acetyl enol was adjusted 
for each of the examples. 

In this embodiment, a heater 102 is provided 
between the head lOlS for the processing liquid and 
the head for the color ink, and the electric power 
supply control is effected such that heater 102 
norzoally generates heat during the recording 
operation* In this embodiment, the heater 102 is a 
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halogen' lamp heater » and the black ink ejected on the 
recording paper 103 Is heated at the recorded surface 
side. In this embodiment, the number of the heater 
ifi one^ but a plurality of heaters may be used in 
consideration of the heating value per one Heater and 
tiie desired heating value* The heater is used to 
in^rove the fixing property. 

The black ink head IQlBk and the processing 
liquid head lOlS are disposed with a predetermined 
clearance Di therebetween^ and the ejection time 
difference between the ejection of the black ink and 
the ejection of the processing liquid is determined in 
accordance with the predetermined interval and the 
feeding speed of the recording paper 103. When the 
clearance Di between the black ink head lOlBk and the 
processing liquid head lOlS is determined in the 
apparatus design, the feeding speed of the recording 
paper 103 is controlled to provide the ejection time 
difference of approx. Isec so as to provide dot 
processing liquids. When the feeding speed is 
determined, the clearance between the black Ink head 
lOlBk and the processing liquid head 10 IS is 
determined in compliance with the feeding speed. 

Figure 2 is a block diagram of the control 
circuit in the recording device I of the full-line 
type. 

In the system controller 201, there are 
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provlded a micro-processor, a storing mediua (ROM) 
storing the program for controlling device and 
processes, and storing material (K&M) for the 
operation of the micro-processor- The system 
controller 201 controls the entirety of the apparatus. 
The motor 204 operates in accordance with received 
information such as the speed or movement distance 
from the driver 202, and feeds the sheet-^like 
recording material such as a recording paper in the 
direction of arrow A in Figure 1. 

A host con^iuter 206 functions to transfer the 
Information to be recorded into the recording device 1 
of this embodiment . A reception buffer 207 
temporarily stores the data from the host computer 
205 « and accumulates them until the data from the 
system controller 201 is received. A frame memory 
208 is a memory for converting the data to be printed 
to the image data* and has a memory size necessary for 
the printing. In this embodiment, the frame memory 
208 is capable of storing data for one page of the 
recording paper, but the present invention is not 
limited to this. 

Buffers 209S, 209P temporarily stores the 
data to be printed • and the storing capacity is 
different if the nozsle number of the recording head 
is different, A print controller 210 functions to 
control the recording head in accordance with the 
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instructions from tiie system controller 201, and 
controls the printing speeds print data number or the 
like^ and further it generates the data f or^ ejecting 
the processing liquid. A driver 211 drives the 
recording head 212S for ejecting the processing li«iuid 
and the recording head 212P for ejecting the ink for 
the Image recording^ and is controlled by the signal 
from the print controller 210. 

First/ the image data is supplied from the 
host computer 206 to the reception buffer 207, euid is 
temporarily stored there. Tnen, the image data 
stored are reader by the system controller 201 and are 
converted into the buffers 209S, 209P- The system 
controller 201 controls the electric energization to 
the beater 102. Malfunction such as sheet ^am^ ink 
shortage, sheet shortage or tbe like can be detected 
by detection signals from an abnormality sensor 222. 

The print controller 210 generates the data 
for the processing liquid for ejecting the processing 
liquid on the basis of the image data in the buffer 
209S, 209P- The ejecting operation of the recording 
beads are controlled on the basis of the data for the 
processing llguld and tbe image data in the buffers 
209S, 209P. 

Referring to Figures 3 and 4, the description 
will be made as to the recording process in this 
embodiment and the state of the ink and the dot on and 
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in tlxc reearaing paper 103- in this embodiment, tiie 
blaick ink has a topping property in Table 1, The 
processing liquid has a certain degree of penetration 
property 1 and the acetylenol content is approx.0.4- 
1-0%. 

The black ink droplet 30 is ejected by black 
ink head lOlBk (Figure 3, (a))- 

The black ink droplet 30a is deposited on the 
recording paper surface, and penetrates as indicated 
by white arrow to the range Indicated by the broken 
lines in the recording paper before the processing 
liquid droplet is ejected by the processing liquid 
bead lOis (Figure 3, (b)). 

In this embodiments the ejection time 
difference from the ejection of the black ink and the 
ejection of the processing liquid is approx. Isec. 
During this, most of the black ink droplet 30a ejected 
from the head lOlBk for the black ink penet^rates into 
the recording paper 103. When the approx. Isec 
elapses from the black ink ejection while rHe 
recording paper 103 is being fed, a droplet 35 of the 
processing liquid (record improving liquid) having a 
certain degree of penetration property is ejected onto 
the dot 30b provided by the ej'sctlon of the ink from 
the black ink head lOlBk (Figure 3, (c)). At this 
time, the rapid swell start point ts has been 
exceeded. The processing liquid and the dye in rhe 
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black ink rMct to Insolubillstttd the dye xn the 
recording paper 103. 

The dot 30h provided by the black ink and the 
processing liquid droplet 35a ejected on the dot 30b 
5 are heated by the heater 102 (Figure 3^ (d)), by which 
the evaporations of the water content in the black ink 
and in the solvent of the processing liquid are 
promoted, so that reaction speed and the fixing 
property are enhanced (Figure 3, (e)). Here, if the 

10 content of the acetylenol In the processing liquid is 
not less thanO-7%, the heating with the heater is not 
necessary, but the strength of the reaction liquid 
coating is improved by the heating. 

Even when the content of the acetylenol is 

IS not more thanO.7%, the heat provides the effects • 
substantially similarly to the ultra-penetrative. 

As described in the foregoing, the black ink 
droplet 30 is ejected, and the processing liquid 
droplet 35 is ejected be overlaid thereon with a 

20 delay of not less than said ts to perzuit certain 
degree of penetration of The black ink into the 
recording paper ( approx . Isec), so that ink can be 
Insolubilized inside the recording paper. 

In such an embodiment, the ink is 

25 insolubiliaed when it penetrates in the recording 

paper 103, so that wear resistance and the overwrixing 
resistance as well as the recording paper 103 can be 
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improved. 

Figure 4 shows the stata of tha xnk and dot 
on end in the recording paper 103 when the color ink 
droplet 40 is ejected adjacent to the dot 30D provided 
5 by the black ink droplet 30 after the process shown in 

Figure 3, (d) . 

In Figure 4, (a), the color ink droplet 40 Is 
ejected toward the neighborhood of the dot 30b 
provided by the black ink droplet 30 ejected onto the 
10 recording paper 103* 

In Figure 4, (b), the color ink droplet 40 is 
deposited on the surface of the recording paper 103, 
as a colqr ink droplet 40a. 

In Figure 4, (c), the color ink penetrates at 
15 a position adjacent to the dot 30b provided by the 
black ink droplet 30 to form the color dot 40b- 

Here, the ink ejected by the color ink head 
(lOlC, lOlM, IQIY) is a high-penetrative ink described 
above, and therefore, the penetration speed into the 
20 recordiiig paper 103 Is high, and the spread does not 
easily occur even if the other color ink is deposited 
to the neighborhood thereof. The black ink droplet 
30 is a topping type ink which has a low penetration 
property than the color ink. Therefore, when another 
25 color ink droplet is deposited to the position 

adjacent thereto, the spread easily occurs ♦ However, 
since the processing liquid droplet 35b is overlaid on 
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tlie dot 30b of blecrk Ink droplat 30, and the black ink 
is heated by the heater 102 if necessary, the ink is 
insolubilized in the recording paper 103. 

Accordingly, as shown in Figure 4, (b), even 
5 if the color ink droplet 40a is ejected to the 

position adjacent to the dot 30b provided by the black 
ink droplet 30, it does not produce the spread with 
the color ink- Etren if the dot 30b of the black Ink 
droplet 30 the dot 40b of the color ink droplet 
10 40a are adjacent to each other , there occurs no spread 
at the botandary between the dots 30h and 40b, and 
therefore, the image has a sharp boundary portion 
between the different colors. 

By the application of the processing liquid 
15 before the color ink/ the water- resistance can be 
provided for the color print. 

(modified example of the first embodiment) 
A heater having a small heating value may be 
added between the head lOlBk for the black ink and the 
20 head lOlS for the processing liquidCFigure 1), by 

which the penetration of the black ink from the head 
lOiBTc may be promoted into the recording paper 103. 

The penetration of the black ink into the 
recording paper 103 may be promoted by using black ink 
25 containing 0.3% of the acetylerol so that penetration 
property is slightly higher than the topping type ink. 
By using such a heating step or by using 
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black ink having a relatively high penBtratlon, the ts 
can be effectively shorted, and therefore, good images 
can be formed even with the ejection time difference 
reduced to less than Isec, so that clearance between 
the black ink head lOlBk and the processing liquid 
head 10 IS, thus permitting downsizing of the 
apparatus. When the clearance between the black ink 
head lOlBk and the processing liquid head lOlS is 
determined in the design of the apparatus # the feeding 
speed of the recording paper 103 can be raised. The 
feeding speed is to be determined in consideration of 
the recording speed at which the recording head can 
properly eject the ink» 

A processing liquid head 101 may be added 
downstream of the heads lOlC, IGIM, lOlY for the color 
inks with respect to the feeding direction A of the 
recording paper 103, so that processing liquid is 
ejected also to the dot provided by the color ink, by 
which the water* resistance of the color ink image can 
be improved. 

(Second embodiment) 

Figure S is a schematic perspective view of a 
structure of a reeordixig device 5 of a serial type- 

The recording paper 103 (recording material) 
is supplied from the sheet feeder 105 and is 
discharged through the printing portion 126. In this 
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embodiment, the inexpensive pl&ln paper is used as the 
reearding paper 103- The printing portion 126 is 
provided with a recording head 101 carried on a 
carriage 107, and the recording head 101 is 
reclprocable along the guiding rail 109 by a motor 604 
shown in Figure 6. The recording head 101 has a 
blacfc Qdection portion l08Bk for ejecting black ±nk, a 
processing liquid ejecting portion 1085 for ejecting 
processing liquid, and cyan ejection portion 108C, 
laagenta ejection portion 108M an^ yellow ejection 
portion 108Y for ejecting the respective color inks. 

To each of the ejection portions / the ink is 
supplied from unshown ink container, and the driving 
signal is supplied to the electrothermal 
transducer (heater) for ejecting the liquid provided in 
each of the nozzles. By this, a bubble is generated 
in the ink by thermal energy applied to the ink, and 
^ the ink is ejected by the pressure resulting from the 
bubble generation- In other words ^ a so-called 
bubble jet type is used for the ink ejection. 
Ejection outlets in the ejection portion are arranged 
In a perpendicular direction relative to the movement 
direction of the recording head 101, that is, in the 
same direction as the feeding direction X of the 
recording paper 103- 

A heater 102 is provided so as to cover the 
entire area of the movement range of the carriage 107 
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at a position opposed to each of the ejection 
portions. In this embodiment, the heater 102 is in 
close contact to the recording paper 103 at the back 
side of the recording paper 103, and the heater 102 is 
a ceraioic heater which is suitable for the heating of 
the surface contacted thereto. 

The recording head 101 effects the recording 
at the resolution of 360dpi ^ and the driving frequency 
of the electrothermal transducer is 7 « 2kHz. The 
carriage 107 completes one reciprocation in l.Ssec. 

figure 6 is a block diagram of the control 
circuit for the recording device 5 of the serial type. 
The same reference numerals as in Figure 2 are 
assigned to the elements having the corresponding 
functions, and detailed descriptions thereof are 
omitted for simplicity. The motor 604 of Figure 6 
receives infprmation such as a movement distance and 
speed from the driver 602 and operates in accordance 
with the information to drive the recording head in 
the main-scanning direct ion (scanning direction). The 
motor 605 receives information such as a movement 
distance and a speed from the driver 602 and operates 
in accordance with the information to feed the sheet- 
like recording material such m recax^ding paper in a 
sub-scan dixection( feeding direction). 

Figure 7 illustrates a recording process of 
the recording device of the serial type shown in 
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Figures 5 and 6. and is a plan view of the r&cordlng 
station 126. 

In Figure 7, the carriage 107 reGlprocates in 
X direction wHicli is substantially perpendicular to 
the feeding direction Y above the recording paper 103 
fed In the Y direction in close contact with the 
heater 102. The ejecttan outlets (Indicated by dots 
in the Figure) of the black ejection portion lOSBk, 
the processing liquid ejecting portion 108S, the color 
ejecting portion (lOBC^ lOSM, 108Y) carried on the 
carriage 107, are opening in the direction of the 
ejection of the ink and the processing liquid against 
the recording paper 103 • The heater 102 generates 
heat during the recording oper<i(tion, and is provided 
at a position opposing to the region to which the 
liquid is ejected by the processing liquid ejecting 
portion lOfiS and the color ejecting portions 108C, 
108M, 108Y, 

Each ejection portion has ejection outlets 
arranged to effect the recording in the width d along 
the feeding direction Y of the recording paper 103 by 
one scanning. In order to provide the time 
difference betvieen the ejection of the ink by the 
black ejection portion lOSBk and the ejection of the 
processing liquid by the processing liquid ejecting 
portion 108S# the black ejection portion 108Bk and the 
processing liquid ejecting portion 108S are disposed 
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with deviation by the recording width d in the feeding 
direction- The ejection tune difference corresponds 
to the Substantial completion of the penetration of 
the blacM ink to the predetermined range in the 
5 direction of the thickness of the recording paper. 

By such a constitution, the ejection of the ink by the 
black ejection portion 1086k to the predetermined 
position of the recording paper 103 and the ejection 
of the processing liquid by tiie processing liquid 
10 ejecting portion 108S are effected with the deviation 
corresponding to one scan of the carriage 107 
(scanning period i^ l-Ssec). thus providing the 
predetermined time difference. In this embodiment, 
therefore, the recording process which is 
15 substantially similar to the recording process of the 
recording device of the full- line type according to 
tbe first embodiment is accomplished in the recording 
device of a serial type. 

In such a recording process^ the black ink is 
20 ejected by the black ejection portion 108Bk in the 

first scanning. The region ir* which the black ink is 
ejected, is upstream of the position of the heater 
102c IS i^o'C heated by the heater 102. Then, the 

sheet is fed by the recording width d with a time 
25 delay to permit the penetration of tne black ink into 
the recording paper 103/ and the next scazmlng Is 
effected to the same region on the heater 102, so that 
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processing liquid droplet is ed«c1:«d to be overlaid on 
the dot formed by th© black ink, by the processing 
liquid ejecting portion 108S. The heat generation of 
the heater 102 is effective to promote the 
evaporations of water content contained In the black 
ink and in the solvent of the processing liquid, so 
that fixing property is iiq)roved, and the coloring 
material ±n the Ink is Insolubilized in the recording 
paper 103 « 

By doing so, the wear resistance and 
overwriting resistance as well as the water-resistance 
are improved. 

Additionally, in this embodiment. The heater 
102 is provided at the back side of the recording 
paper 103 In the region where the ejection portion 
(108C, 108M, lOSY) for ejecting the color ink eject 
the ink, so that fixing property of the color ink can 
be improved « 

(Third embodiment) 

Figure 8 is a side view of a full-line type 
recording device according -to a third embodiment of 
the present invention. The same reference numerals 
as in Figure 1 are assigned to the elements having the 
corresponding functions, and detailed descriptions 
thereof are omitted for simplicity. 

The recording device of Figure 8 is similar 
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l:o the recording device 1 of Figure 1, but has an 
additional heaters 80a, 80b between the Head lOlBk for 
the black ink and the head 10 IS for the processing 
liquid/ and the black ink ha& a seml-peixetrative 
5 property. The processing liquid has a penetration 
property higher than the black Ink* By using them, 
the heating of the heaters 80a^ 8Qb is effected after 
the black ink ejection^ the penetration of the black 
ink is substantially confined in the region adjacent 
10 the surface of the recording paper 103, so that record 
density is high. In addition, the processing liquid 
is ejected by the head lOlS with this state, and 
therefore, the black ink can be insolubiliaed while 
the penetration of the black ink is confined adjacent 
15 the surface of the recording paper 103. 

Referring to Figure 9, the description will 
be made as to a recording process of the recording 
device shown in Figure 8/ and the state of the ink and 
the dot on and in the recording paper 103* 
20 The black ink droplet 30 is ejected by black 

ink head lOlBk (Figure 9, (a)). The black ink 
droplet 30a is deposited on the recording paper 
surface, and penetrates as indicated by white arrow 
(Figure 9. Cb)). 
25 During the period from the ejection of the 

black ink droplet 30 to the recording paper 103 being 
fed to the position of the head lOlS, the dot 30b 
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fornied on the racordlng pap^x 103 is heat ad by the 
heaters 80a, 80b/ and the evaporation of the water 
content is promoted during this period eo that fixing 
property is Improved, and the penetration of the ink 
into the recording paper 103 is auppreseed. 
Therefore, hardly any ink remains on the surface of 
the recording paper 103^ and the processing liquid ±s 
ejected and overlaid thereon after the etate of Figure 
9, (c) is reached wherein the ink is penetrated to a 
shallow position from the surface of the recording 
paper 103. 

When the recording paper 103 ie further fed, 
the processing liquid droplet '^5 is e:lected to be 
overlaid on the dot 30b formed by the ejection of the 
ink by the black ink head lOlBk, by the processing 
liquid head lOlS. 

By the penetration of the processing liquid 
droplet 35b as indicated by the white arrow ^ it reacts 
with the dye in the black inkCFigure 9, (e)). As a 
result « the dye is Insolubilized in the recording 
paper 103 (Figure 9, (f))- 

The reaction occurs lander the surface layer 
of the recording paper 103, and therefore, the 
reaction products provided by rhe msolubi ligation, 
hardly remains on the surface of the recording paper 
103, as shown in Figure 9. (f). 

By the reaction, the penetration of the black 
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ink further Into thB recording paper 103 can be 
suppressed, and therefore, the image density of the 
black ink can be further ln(p roved. 

As described in the foregoing, according to 
this embodiment^ by effecting the heating by the 
heaters 80a, 80b after the ejection of the semi- 
penetrative black ink, penetration of the black ink 
into the recording paper 103 can be suppressed^ and 
with this state, the procesfting liquid is ejected, so 
that black ink is Insolubilized ihside the recording 
paper 103* By such insoltablllsation^ the wear 
resistance and the overwriting resistance as well as 
the water-resistance are isiproved. Since the 
penetration of the black izik to the deep position of 
the recording paper 103 can be suppressed « so thai: 
density of the image of the black ink can be 
increased, and therefore, the sharp characters and 
line images can be provided. 

Since the processing liquid has a higher 
penetration property than the black ink. the 
processing liquid penetrates into the recording paper 
103 at a speed higher than the penetration speed of 
the black ink and reacts with the black ink, so that 
penetration of the black ink into the recording paper 
103 can be suppressed. Sy the solvent separated by 
the insolubilisation of the coloring material of the 
hlack ink penetrates into the recording paper 103, so 
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mat tlxing property is Improved - 

(modified eaearaple of tha third eijsbodiaient ) 

Figure 10 is a side view of a reeording 
device of a full-line type according to a modification 
of the third embodiment. The same reference numerals 
as in Figure 8 are assigned to the elements having the 
corresponding functions, and detailed descriptions 
thereof are omitted for simplicity. 

The recording device of Figure 10 is the same 
as the recording device of Figure 8 except that heater 
80c is added between the bead lOlS for the processing 
lif^id and the head 10 IC for the color (C) ink. With 
this structure^ the heating by the heater 80c is 
carried out also after the processing liquid ejection* 

Referring to Figure 11, the description will 
be made as to a recording process of the recording 
device of Figure 10 and the state of ink and doi: on 
and in the recording paper 103, Except for the 
difference described above, the recording process 
shown in Figure 11^ (a) -(d) is similar to that of 
Figure 9, (a]-(d), and therefore, the detailed 
description thereof is omitted* 

The heating by the heater is carried out 
after the ejection of the black Ink droplet 3^0, and 
then, the processing liquid droplet 35 is ejected to 
and overlaid on the dot 30b (Figure 11, (a>-{b))- 

When the processing liquid is e:}ected, and 
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the recording paper 103 Is furtHer fed, the heater 80c 
effects the heating (Figure 11. (e)). By this, the 
dot 30b provided by the black ink and the processing 
litmid droplet 35b ejected to be overlaid on the dot 
5 30b are heated, so that evaporations in the water 
content In the black ink and the solvent of the 
processing liquid are promoted (Figure 11, (f))* By 
the evaporation of the water content In the solvent, 
the possible flow of the insolubillzed coloring 

10 material with the penetration of the solvent can be 
prevented, so that sort of feathering can be 
prevented, and therefore ^ the image quality of the 
characterfi and the line images of the black ink can be 
further improved- 

15 Even if a color dot(unshown) is printed 

adjacent to the dot 30b of the black Ink in the 
structure of said Figure 8 or ID, no spread at the 
boundary between the black and the color is produced 
since the coloring material of the black ink is 

20 Ineolubilized inside the recording paper 103, 
similarly to first embodiment. 

(Fourth embodiment) 

The general arrangement of the recording 
25 device of this embodiment is the same as that of 

Figure 5, and Figure 12 schematically is a top plan 
view of the recording station (126), The recording 
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device is Intended to accomplish the recording process 
which is the soroe as the recording process of the 
recording device of the full-line type according to 
the third emhodlment. In a serial type. 
5 With the structure of sez-ial type in the 

second eobodiment , the black ejection portion lOSBk 
and the processing liquid ejecting portion 108S are 
deviated by the recording width d in the feeding 
direction Y. 

10 In the serial type recording device of Figure 

12, the black ink is ejected by the black ejection 
portion 108Bk, and then it is heated by the beater 102 
to a predetermined degree, and thereafter, the 
processing liquid and the color ink are sequentially 

15 ejected. * At a position corresponding to the region 
scanned by the carriage 107 carrying each head, the 
heater 102 is disposed in close contact to the back 
side of the recording paper, so that regions for the 
ejections by the black ejection portion lOSBk and the 

20 processing liquid ejecting portion 108S are the same. 
The scanning by all heads is completed by the two 
scans with a time difference therebetween^ so tnat 
coloring material in the black ink is prevented from 
insclublllzlng at the surface of the recording paper. 

25 More particularly, in the first recording 

scan, the black ejection portion lOSBk ejects the 
black ink. Without feeding the recording paper 103, 
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a second recording scan is effected, a predetermined 
period thereafter, to eject the processing liquid by 
the procofislng liquid ejecting portion lOBS and the 
ejection of the color inks (cyan, magenta and yellow) 
5 by the color ejection portions (lOSC, 108M^ lOSY). 

After the two scans, the recording paper 103 is fed by 
the recording width d, and the divided scannings are 
repeated. The heater 102 is kept on during the 
recording operation, but since the scanning is divided 
10 into two scans, the desired heating is effected so 
that same effects as in the third embodiment are 
provided. 

In this etsbodinent / the order of arrangement 
of the black ink ejecting portion lOSBk, the 

15 processing liquid ejecting portion 108S and the color 
ejection portions 108C, 108M, 108Y, is not limited by 
the feeding direction of the carriage 107 (direction x 
in the Figure) . For example, as shown in Figure 13 
which is a top plan view of the recording station 

20 (126), the color ejecting portions 108Y, lOSM, lOSC^ 
black ejection portion I08Bk and processing liquid 
ejecting portion 108S may be arranged In this order in 
the X direction from the left side m the Figure on 
nhe carriage 107, in which case« the black ejection 

25 portion lOSBk is operated by the first recording scan, 
and the processing liquid ejecting portion 108S and 
the color ejection portions are operated in the second 
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recording scan to eject tlie procefifiing liquid and the 
color ink. 

(Fifth embodiment) 
5 A recording device of this embodiment is the 

same as that of Figure 5 (serial type), and Figure 14 
is a top plan view of the recording station (126) of 
this apparatus- 

In this embodiment » the black image is 

10 recorded by two scans (divided recording), the black 
image formed by the firet recording scan is 
supplemented by the second recording scan to complete 
the black image. The second scanning is carried out 
with the predetermined time difference as in the 

15 foregoing embodiment « As regards the other color 
images « they are formed through one scan. 

The same reference numerals as in Figure 7 
are assigned to the elements having the corresponding 
functions, and detailed descri^'tions thereof are 

20 omitted for simplicity- However, in Figure 14^ the 
black ejection portion lisgk has ejection outlets 
capable of providing the recording width 2d which is 
twice the recording width d of the other ejection 
portions (processing liquid ejecting portion 1D8S and 

25 the color ejecting portions 108C« lOSHr lOSY). 

In Figure 14^ each ejection portion has an 
array of the ejection outlets in the feeding direction 
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Y of the recording paper 103 • In the processing 
liquid ejecting portion 108S and the color e:;ecting 
portions (108C, 108M^ 108Y), the ejection outlets are 
arranged in the Y direction fio as to cover the width d 
5 at a position corresponding to the position of the 
heater 102, but in the black ejection portion 118Bk, 
the ejection outlets are arranged over the width 2d. 
The region which ia recorded by the black ejection 
portion 118Bk in the first ejecting scan, is deviated 

10 by the recording width d relative to the region 
recorded by the other ejection portions toward 
upstream in the feeding direction. 

For each X direction scanning of the carriage 
107 r the recording paper 103 is fed by the distance 

15 corresponding to the recording width d in the y 

direction^ and the recording operation by one scan of 
the carriage 107 and the feeding operation of the 
recording paper 103 are repeated to effect the 
recording substantially on the entire area on the 

20 recording paper 103. 

As described hereinbefore^ the recording 
width 2d of the black ejection portion llSBk is wider 
than the recording width d of the other ejection 
portion^ and therefoire, the black ejection portion 

25 ll8Bk scans twice as much as the other recording 

region. The black ejection portion llSBk effects a 
skipped recording in each of the two scans so that 
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Image Is con^leted by two scans. 

For «xafliple, an upstream side (upper side in 
the Figure)^ with respect to the recording paper 
feeding direction Y, of the recording width 2d is 
5 scanned by the first scan of the black ejection 

portion llSBk, and the downstream (lower side in the 
Figure) side thereof is scanned by the second scan. 
In the first scanning of the carriage 107^ the 
ejection outlets at the upstream side of the black 

10 ejection portion llBBk is used, and the black image is 
recoz:ded in the skipped manner without heating by the 
heater 2. The recording paper 103 is fed in the y 
direction by the pitch corresponding to the recording 
width d. In the second scanning of the carriage 107, 

15 the downstream side ejection outlets of the black 
ejection portion llSBk is used, to effect the 
recording for the part skipped in the first scan to 
supplement the skipped portion (divided ejection of 
the black ejection portion 118Bk)» 

20 By doing so, the first and second scans of 

the black ejection portion llSBk are complementary 
with each other to complete the black image, by which 
the amount of the black ink ejected by one scan can be 
reduced. The pattern of the skip may be a staggered 

25 pattern or inverse staggered pattern (checker 
pattern) , 

In this manner, the region which has been 
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recorded by tiie upstream ejection outlet of the black 
ejection portion llSBk is subjected in the n^xt scan 
to the recording by the downstream ejection outlets, 
the ejection of the processing liquid by the 
5 processing liquid ejecting portion 108S^ the ejection 
of the color ink by the color ejecting portions 108C, 
lOBM, lOBY, and the heating by the heater 102. 

Thus, according to tht^s embodiment, the 
ejection axnotint of the black ink in one scan by the 

10 black ejection portion llSBk is reduced^ and the 

a roo u n t of the ink ejected to a neighborhood of another 
ink is can be minimized, as compared with the single 
scan. Particularly, when the staggered and inverse 
staggered patterns are used for the skipping^ the 

15 ejection to the neighborhood position in X and Y 
directions in the Figure, does not occur. as a 
result/ the overflow of the ink or flow of the ink 
which may occur when a great number of ink droplets 
are deposited at adjacent posi-*:iQns do not occur, so 

20 that boundary of the black image can be made further 
sharp. The ejection time difference between the 
ejection of the black ink by the downstream( lower side 
in the Figure) ejection outlet of the black ejection 
portion llSBk and the ejection of the processing 

25 liquid by the processing liquid ejecting portion 108s. 
is shorter than in the second embodiment. However, 
the black ink already ejected by the up stream (upper 
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side in the Figure) ejection outlet has been 
penetrated into the recording paper 103 at the tlzne of 
the next scan, and when the ink is deposited to a 
position adjacent the position at which the black ink 
5 is penetrated, the penetration of the later deposited 
ink is promoted. Therefore, even if the processing 
liquid is ejected continuously, the ink has been 
penetrated into the recording paper 103, so that 
coloring material of the ink can he insolubilized at a 

10 shallow position in the recording paper 103 • 

In the foregoing, the heater 102 has been 
described as being in operation normally, it may be 
turned off when an abnormality sensor 222 detects an 
abnormality such as sheet jam or the like, the 

15 electric energization may be stopped to stop the heat 
generation operation by using a system controller 20X 
(Figure 2, 6)- 

The present invention is particularly 
suitably usable in an ink jet recording head and 

20 recording apparatus wherein thermal energy by an 

electrothermal transducer, laser beam or the like is 
used to cause a c h a n ge of state of the ink to eject or 
discharge the ink* This is because the high density 
of the picture elements and the high resolution of the 

25 recording are possible. 

The typical structure and the operational 
principle are preferably the ones disclosed in U,S. 
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Patent Nos* 4,723,129 and 4,740,796. Tbe principle 
and structure are applicable tc a so-called on-demand 
type recording system and a continuous type recording 
system* Particularly, howeirer. It Is suitable for tne 
5 on-demand type because the principle is such that at 
least one driving signal is applied to an 
electrothermal transducer disposed on a liquid (ink) 
retaining sheet or liquid passage, the driving signal 
being enough to provide such a quick ten^erature rise 

10 beyond ^ departure from nucleatlon boiling point, by 
which the thermal energy is provided by the 
electrothermal transducer to produce film boiling on 
the heating portion of the reccrdlng head, whereby a 
bubble can be formed in the liquid (ink) corresponding 

15 to each of the driving signals* By the production, 
development and contraction of the the bubble, the 
liquid (ink) is ejected through an ejection outlet to 
produce at least one droplet. The driving signal is 
preferably in the form of a pulse, because the 

20 development and contraction of the bubble can be 

effected instantaneously, and therefore^ the liquid 
(ink) is ejected with quick response- The driving 
signal in the form of the pulse is preferably such as 
disclosed in XJ.S. Patents Nos. 4.453,359 and 

25 4,345,262. In addition, the temperature increasing 
rate of the heating surface is preferably such as 
disclosed in U.S. Patent No. 4,313,124. 
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ThG structure of the recording h^Ad may be as 
shown m U.S. Patent Nos, 4,558,333 and 4,459,600 
wherein the heating portion is disposed at a bent 
portion, as well as the stiructure of the combination 
of the ejection outlet, liquid passage and the 
electrothermal transducer as disclosed in the above^ 
mentioned patents. In addition, the present invention 
is applicable to the structure disclosed in Japanese 
Laid-open Patent Application No, 123670/1984 wherein a 
common slit is used as the ejection outlet for plural 
electrothermal transducers, and to the structure 
disclosed in Japanese Laid-Open Patent Application No. 
138461/1984 wherein an opening for absorbing pressure 
wave of the thermal energy is formed corresponding to 
the ejecting portion. This is becau&e the present 
lnveni:lon is effective to perform the recording 
operation with certainty and at high efficiency 
irrespective of the type of the recording head» 

The present invention is effectively 
applicable to a so-called full-line type recording 
head having a length corresponding to the mescimum 
recording width. Such a recording head may comprise a 
single recording head and plural recording head 
combined to cover the maxifzium wi'dth^ 

In addition, the present invention is 
applicable to a serial type recording head wherein the 
recording head is fixed on the main assembly, to a 
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repl&ceable chip type recording head which is 
connectred electrically with the main apparatus and can 
be supplied with the ink when it is mountied In the 
mam assembly, or to a cartridge typo recording head 
5 having an integral inJc container • 

The provisions of the recovery means and/ or 
the auxiliary means for the prcXtminary operation are 
preferable, because they can further stabilixe the 
effects of the present invention • As for such means, 

10 there are capping means for the recording head, 

cleaning means therefor « pressing or sucking means / 
preliminary heating means which may be the 
electrothermal transducer, an additional heating 
element or a combination thereof. Aiso^ means for 

15 effecting preliminary ejection (not for the recording 
operation) can stabilize the recording operation. 

As regards the varlaTion 6f the recording 
head tnoun-tahle, it may be a single corresponding to a 
single color Ink, or nay be plural corresponding to 

20 the plurality of ink materials having different 

recording color or density. The present invention Is 
effectively applicable to an apparatus having at least 
one of a monochromatic mode mainly with blacky a 
multi-color mode with different color ink materials 

25 and/or a full-color mode using the mixture of the 

colors, which may be an integrally formed recording 
unit or a combination of plural recording heads. 
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The ink jet recording apparatus may tse used 
as an output terminal of an Information processing 
apparatus such as con^uter or tho like, as a copying 
apparatus combined with an image reader or the like, 
5 or as a facsimile machine having information sending 
and receiving functions. 
(Others) 

In the mixture of the processing 
liquidC liquid composition) and the ink in the present 

10 invention p the mixture occurs on the recording 
material on or in the recording material, a low 
molecular weight component of the cation materials or 
the cation oligomer in the processing liquid and the 
anionic chemical compound in the pigment ink or the 

15 water-soluble dye having the anionic base causes 

association, and instantaneously separation from the 
liquid phase occurs, in the first stage o£ the 
reaction. As a result, in the as a result pigment 
ink^ dispersion failure occurs « by which coagulated 

20 material of the pigment is produced « 

As the second stage of the reaction, the 
association product of the dye and the low molecular 
cat ionic material or the cation oligomer or tue 
coagulated material of the pigment is attracted by the 

25 polymeric component contained in the processing 
liquid, and therefore^ the size of the coagulated 
material of the dye or of the coagulated material of 
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the ^pigment Is increased^ bo that they are not easily 
enter the gaps between the fibers; as a result, only 
the liquid portion resulting from the solid-liquid 
separation enters the recording paper, and the print 
5 quality and the fixing property ara both accomplished. 
The coagulated material formed by the cation material 
and the anionic dye and the cation oligomer or the low 
molecular component of the cation substance, or the 
coagulated material of the pigment, thus produced, 

10 have high viscosity, and do not move with the liquid, 
and therefore, the inks of different colors at 
adjacent positions do not mix together, and not 
bleeding occurs* The coagulated material is 
essentially non-water-soluble, and therefore, the 

15 water- re si stance of the final Image iB high. The 
light reaisrance of the image formed by the shield 
effect of the polymer is improved, 

Insolubilization and coagulation occurs only 
In the first stage in one example, and they occur in 

20 both of the first and second stages In another 
example « 

in the present invention, it is not necessary 
to use cation polymeric substance having large 
molecular weight or polyatomic iRetallle salt as in the 
25 prxor-an:* or if it is to be used, it is only for 
assistance, and therefore, the amount thereof is 
minimum* As a result, the deterioration of the 
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coLoring property of tlie dye which has been a problem 
when the water resistance is provided by the use of 
the cation polymeric substance or the polyatomic 
metallic salt, can be avoided. 

The recording material used with the present 
invention is not limited to a particular one, the 
conventional copy sheet, bond paper or anther plain 
paper is usable. Coated paper for ink jet print, 
transparent film for OHP, usual high class paper or 
glossy paper are usable. 

The present invention method is usable in a 
system comprising a plurality of machines/ or a single 
machine. The present invention method may be 
implemented by supplying program to a system or an 
apparatus* in such a case, a storing medium storing 
program( software) for implementing the present 
invention method is read out by the system or the 
apparatus, and this invention method is actually 
implemented in the system or the apparatus. 

According to the present invention, the image 
quality, the water- resistance immediately after the 
printing, the wear resistance and the overwriting 
resistance are improved* 

While the invention has been described with 
reference to the structures disclosed iierein^ it is 
not confined to the details set forth and this 
application is intended to cover such modifications or 
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Improvenients or the scope of the following claims. 
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WKAT IS CLAIMED 18: 

1. A recordiag method couprlslng; 

a srap of ejeerina onto a recording inaterial 

ink having a Ka valua of not more than 3 (ml.m'^.maac* 

1/2^^. 

applying to tha ink deposited on the 
recording naterial proceeclng li^id having e Xa value 
of not leaa than 5 (ml. o*^. msec" to incoluhillzed 
a coloring material in the ink inside the recording 
material; 

wherein the processing liquid IS applied to 
the ink atter rapid swell start point te after 
penetration of the ink into the medium passes aftex^ 
the ink is deposited on the recording material. 

2. A recording method coiitprising; 

ejecting onto a recording material ink having 
a Ka value not less than 1 (ml.n'^.meec"'^/^) ; then 

applying heat to the ink; and 

applying to the Ink processing liquid having 
a Ka value not Irsa than 1 {ml .m^^.msee" 

3» A recording method comprlslug: 

ejecting to a recording material ink having a 
Ka value not more than 1 (ml .ffi"^,m«ee"^'^^) and having 
a penetration property which increases witH heat; then 

applying heat to the iziX; and 
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applying to thd ink procMsing liquid having 
a Ka value not less than l (nl.a'^.msec'*^^^] . 

4. An apparatus aeeerdlng to Claim 1 or 3, 

5 further comprisinfl applying heat to a reaction product 
of the Ink and the 'proeeeeing liquid after said 
processing liquid applying step. 

5. A recording method according to Claim 4, 

10 wherein Ka value is not more than 5 (ml .m"^ .msec"^^^) « 

S. A method according to Claim 1 or 5, wherein 
the ink contain pigment. 

IS 7. A method according to Claim 1 or 6« wherein 

the ink is a hlack tnk, and after application of the 
processing liquid, color ink is deposited. 

8« A recording method comprising: 
20 depositing ink containing a coloring matericii 

having a polarity onto a r^icnrdlng marerlal: then 

applying to the ink proeeeeing liquid having 
a polarity opposlLe from that of said coloring 
material aftar rapid swall start point ts after 
25 paxiatration of th« ink into tha racording matarial* so 
that coloring material in the ink ie ineolubilizQd by 
the yxuuessing liquid at leost inside the recording 
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xnateria] - 

9. A method according to Claim l or 8, wherein 
the ink and the processing liquid is ejected to the 
recording material by generating a bubble by 
appllcarion of tnermal energy to the inK and to the 
processing liquid. 
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ABSTRACT OF THE DISCLOSTJRF 

A recording method includeB a step of ejecting onto a 
recording material ink having a Ka value of not more 
than 3 (»1 -m~2.mflee~^/^) ; applying to the ink 
5 deposited on the recording material processing liquid 
Having a Ka value of not less than 5 (ml .m""^. msec" ^^^) 
to insol uhiTized a coloring material in thA ink inside 
the recording material; wherein the proccccing liquid 
Is applied XQ the ink after rapid swell start point ts 
10 after penetration of tna injc into tne medium paeees 
after the ink is deposited on the recording material. 
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and was amended on 



Post Office Address c/o CANON KABUSHIKI KAISHA> 3-30-2 Shimomaruko , Ohta- 
ku , Tokyo , Japan 
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Full Name of Second Joint Inventor, if any Hlt-OShi TSUBOI 



Second Inventor's signature — — — • 

jj^j^ ^ Citizen/Subject of JAPAN. 



Residence r^non-rvo, 1-12-2 0 Sh 1 TTi o Ti ar uko , Oh ta-ku, Tokyo, Japan 



Post Office Address n/n CANON K ABUSHIKI KAISHA, 3-30-2 Shiiuoiiiaruko , Ohta- 
ku, Toky o. Japan 



